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(54) Semiconductor chip and method of manufacturing the same 

(57) A semiconductor chip has a nonvolatile mem- 
ory formed on the upper surface side of a semiconduc- 
tor substrate (1). The chip includes at least one recess 
portion (5) formed in the lower surface of the semicon- 
ductor substrate (1). The recess portion is located in a 
region corresponding to the nonvolatile memory. A 
method of manufacturing the semiconductor chip is also 
disclosed. 
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Description 

Background of the Invention 

The present invention relates to a semiconductor 
chip used for an IC card or the like and a method of 
manufacturing the same. 

lectual property information such as original ideas asso- 
ciated with circuit patterns and manufacturing 
techniques and program information stored in a nonvol- 
atile memory (e.g.. an EEPROM). 

In consideration of information management, some 
proper measures must be taken to prevent such infor- 
mation from leaking by a fraudulent means. 

Most of such information associated with a circuit 
pattern and manufacturing techniques and stored infor- 
mation can be decoded from the major surface of the 
substrate with an optical observation means such as a 
microscope as long as the circuit pattern is exposed. 

In a popular plastic- molded semiconductor chip, a 
circuit pattern is encapsulated with an opaque molding 
resin to be kept invisible. In addition to the sealing com- 
pound, a soft error protective film is formed on the circuit 
surface. Furthermore, in flip chip bonding, a mount sub- 
strate opposes a circuit pattern. For these reasons, it is 
not very easy to expose the surface of the circuit pat- 
tern- 
There is. however, a possibility that the molding 
resin is removed by some proper method, and the circuit 
pattern is exposed by mechanically separating the sem- 
iconductor chip bonded to the lead frame therefrom. 

In consideration of such a conventional problem, 
therefore, a semiconductor chip may be made fragile by 
making the semiconductor substrate thinner than usual, 
thereby preventing fraudulent decoding of circuit pattern 
information and the like. 

If, however, the entire semiconductor substrate is 
thinned, the resuttant structure lacks in strength for 
wafer dicing or bonding. 

In addition, when the entire semiconductor sub- 
strate is thinned, the strength of the substrate uniformly 
decreases. A part to be crushed is unknown, and a non- 
volatile memory or the like which must be destroyed 
may be left intact. 

Summary of the Invention 

It is, therefore, a principal object of the present 
invention to provide a semiconductor chip which can 
prevent fraudulent decoding of information about tech- 
niques incorporated in the semiconductor chip, and a 
method of manufacturing the same. 

To solve the above problem, according to the 
present invention, when a semiconductor chip bonded 
to a lead frame or the like is fraudulently separated from 
it, the semiconductor chip is crushed to disable the func- 
tion of the semiconductor chip. 



In order to achieve the above object according to 
an aspect of the present invention, there is provided a 
semiconductor chip having a nonvolatile memory 
formed on an upper surface side of a semiconductor 

5 substrate, comprising at least one recess portion 
formed in a lower surface of the semiconductor sub- 
strate, wherein the recess portion is located in a region 
corresponding to the nonvolatile memory. 

According to another aspect of the present inven- 

io tion, there is provided a method of manufacturing a 
semiconductor chip having a nonvolatile memory 
formed on an upper surface side of a semiconductor 
substrate, comprising the steps of forming an etching 
mask having at least one opening portion in a lower sur- 

15 face of a portion of the semiconductor substrate which 
corresponds to the nonvolatile memory, and selectively 
etching a lower surface of a portion of the semiconduc- 
tor substrate which is exposed from the opening portion 
of the etching mask, thereby forming a recess portion in 

20 the lower surface of the semiconductor substrate. 

priaf Description of the Drawings 

Figs. 1A, 1B, and 1C are perspective views show- 
25 ing an embodiment of the present invention; 

Figs. 2A and 2B are perspective views showing 
another embodiment of the present invention; 
Figs. 3A and 3B are views showing a recess portion 
5 formed in the (100) plane of a silicon substrate by 
30 etching using an alkali, in which Fig. 3 A is a per- 
spective view of the recess portion, and Fig. 3B is a 
sectional view taken along a line A - A' in Fig. 3A; 
Figs. 4, 5, 6, 7, and 8 are plan views showing other 
embodiments of the present invention; and 
35 Fig. 9 is a sectional view showing stilt another 
embodiment of the present invention. 

Description of the Pr eferred Embodiments 

40 An embodiment of the present invention will be 
described next with reference to the accompanying 
drawings. 

Figs. 1 A to 1 C show an embodiment of the present 
invention. Referring to Fig. 1 A, a silicon substrate 1 has 

45 a thickness of 370 \im, and semiconductor elements 
(not shown) are formed on the upper surface side to 
form semiconductor chips. For example, nonvolatile 
memories such as EEPROMs are formed as these 
semiconductor elements. 

so Fig. 1 B is an enlarged view of a region (a region 2 
in which a nonvolatile memory is formed) enclosed with 
the dashed line in Fig. 1A. An etching mask 3 having 
predetermined opening portions 4 is formed on the 
lower surface of the silicon substrate 1. The etching 

55 mask 3 is a silicon oxide film formed on the lower sur- 
face of the silicon substrate 1. The 400-jim-square 
opening portions 4 are formed in this film at a pitch of 
500 jim by a laser grinder using a KrF excimer laser or 



OCtD- <EP 0B8477BA2 I > 



3 



EP 0 884 778 A2 



4 



the like. 

The lower surface ol the silicon substrate 1 is 
dipped in a 30% KOH solution at 70°C to undergo wet 
etching for four hours. As a result, 220-jim deep recess 
portions 5 in the shape of a quadrangular frustum are 5 
formed in the lower surface of the silicon substrate 1 , as 
shown in Fig. 1 C. 

The strength of the silicon substrate 1 having the 
recess portions 5 formed in its lower surface becomes 
lower than that of the substrate before the formation of 10 
the recess portions 5. If, therefore, an excessive stress 
is externally exerted to the semiconductor substrate, the 
substrate is crushed to prevent the leakage of informa- 
tion from the semiconductor chip. 

Only one such recess portion may be formed in the is 
lower surface of an element formation region on a sem- 
iconductor chip. More specifically, as shown in Fig. 2A, 
an etching mask 3 having an opening portion 4 may be 
placed on the lower surface of a semiconductor chip 
corresponding to an element formation region. The 20 
lower surface of a silicon substrate 1 which is exposed 
to the opening portion 4 may be etched with reference 
to the etching mask 3, thereby forming a recess portion 
5 like the one shown in Fig. 2B. 

In this case, the edge of the semiconductor chip is 25 
preferably left intact without being etched. More specifi- 
cally, the strength required in the process of dicing the 
wafer into semiconductor chips and wafer bonding can 
be maintained by making the thickness of a region 
along the scribing line of the semiconductor chip equal 30 
to that of the wafer. In the case of a substrate having a 
thickness of 200 to 400 urn, the thickness of a region 
about 100 jim inside the edge of a semiconductor chip 
is preferably kept equal to that of the wafer. If the thick- 
ness of a region an aspect ratio up to 1 from the edge of 35 
a semiconductor chip (for example, in the case of a sub- 
strate having a thickness of 200 jxm, a region having a 
range falling within 200 pm from the edge of the semi- 
conductor chip) is kept equal to that of the wafer, the dic- 
ing strength can be maintained more reliably. 40 

In addition, a plurality of recess portions may be 
formed in the lower surfaces of all element formation 
regions, or may be formed in the lower surfaces of only 
specific regions. If, for example, recess portions are 
formed in the lower surfaces of only specific regions 45 
such as a region in which a nonvolatile memory storing 
important information is formed and a region in which a 
circuit having an important industrial property associ- 
ated with its structure is formed, regions preferentially 
destroyed in the order of the degrees of importance can so 
be set This process will be described in detail in the fol- 
lowing embodiments. 

A silicon substrate transmits light in the near-infra- 
red region to the infrared region relatively well. A tech- 
nique of observing a circuit pattern image on the upper ss 
surface from the lower surface of a substrate by scan- 
ning a laser beam having such a wavelength can be 
almost used in practice. Since this observation tech- 



nique from the lower surface side is a new measuring 
technique, conventional semiconductor chips are cur- 
rently more vulnerable. In a semiconductor chip which is 
surface-mounted by flip chip bonding, in particular, the 
lower surface can be exposed very easily. Strong 
demands have therefore arisen for easy, effective fraud 
prevention measures against observation from the 
lower surface of a silicon substrate, in addition, as the 
information to be stored, programs with high value 
added are often stored in a nonvolatile memory region 
on a semiconductor chip. That is, how to take fraud pre- 
vention measures for such a region is an important, 
urgent matter. 

Under the circumstances, the recess portion 5 is 
preferably V-shaped or trapezoidal in cross section to 
have inclined inner surfaces. With this structure, obser- 
vation light vertically coming into the lower surface of 
the substrate is refracted or reflected by the inclined 
surfaces of the recess portion but does not propagate 
straight A circuit pattern image of a circuit located on a 
vertical line cannot be observed from the lower surface 
side by an optical means such as a laser scanning 
microscope. 

The recess portion 5 having a trapezoidal cross- 
section may have a flat bottom. In this case, however, 
there is a possibility that a circuit on the upper surface 
side which corresponds to the flat bottom is observed. 
For this reason, the bottom surface is preferably rough- 
ened. If the degree of unevenness of the roughened 
surface is smaller than the observation wavelength, this 
roughened surface is equivalent to a smooth surface. 
The degree of unevenness of the roughened surface is 
therefore preferably larger than the observation wave- 
length. It suffices, in observation from the lower surface 
side, if observation light having a wavelength of 600 nm 
to 5 jim, and more preferably 700 nm to 2 pm, is taken 
into consideration. By making the degree of uneven- 
ness of the roughened surface lager than the above 
wavelengths, incident light is complicatedly refracted. 
Therefore, the circuit pattern and the like cannot be 
observed. 

In addition, the inclined inner surfaces of the recess 
portion 5 need not be smooth. Furthermore, the recess 
portion 5 may be constituted by a group of trapezoidal 
surfaces and the like. 

Consider a stepped inclined surface having sur- 
faces parallel and perpendicular to the lower surface. In 
this case, if the size of the stepped portions is smaller 
than the wavelength of observation light, no problem is 
posed because this inclined surface exhibits a function 
equivalent to that of a smooth inclined surface. If, how- 
ever, the size of the stepped portions is equal to or 
larger than the wavelength of observation light, the func- 
tion deteriorates accordingly. 

The depth of the recess portion 5 will be described 
next. 

The preferred depth of the recess portion 5 varies 
depending on the intended effect More specifically, (1) 
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to make optical observation difficult, the depth can be 
set to 5 fim or more because the recess portion 5 hav- 
ing a depth of about 5 pun, at most, exhibits the satisfac- 
tory effect; (2) to make the semiconductor substrate 
fragile, the depth is preferably set to be 1/2 or more of 
the thickness of the substrate. 

When, for example, a substrate having a thickness 
of ?itx»r? 300 jim is to be L!S*9Cf. recess portions having a 
depth of 1 50 jim or more can be formed. In this case, 
the substrate can be made fragile, and at the same time, 
a satisfactory optical effect can be obtained. 

If, however, the shortest distance between the bot- 
tom of each recess portion and the upper surface of the 
semiconductor substrate (i.e.. the minimum substrate 
thickness) is sufficiently large, the lower surface may be 
planarized by mechanically polishing the substrate. To 
prevent such a fraud, the shortest distance is preferably 
set to less than 1 00 fim. 

If, therefore, the shortest distance between the bot- 
tom of each recess portion and the upper surface of the 
semiconductor substrate is less than 1/2 the substrate 
thickness or less than 100 jim, the best effect can be 
obtained. Obviously, the shortest distance between the 
bottom of each recess portion and the upper surface of 
the semiconductor substrate must be large enough not 
to impair the functions of semiconductor elements. For 
example, this distance can be decreased to about 10 
um. 

Techniques of forming the recess portion 5 will be 
described next. 

Several types of techniques of forming recess por- 
tions according to the present invention are available. 
For example, mechanical grinding, dry etching, wet 
etching, and the like can be effectively used. In the 
present invention, wet etching is considered as an opti- 
mal technique for the following reasons. However, it 
should not be understood that techniques other than 
wet etching are inappropriate. Other techniques may be 
used depending on conditions. 

(1) Mechanical Grinding 

Linear V-shaped grooves can be easily formed by 
mechanical grinding. 

ft is, however, technically difficult to form isolated 
recess portions such as quadrangular prisms by 
mechanical grinding. In addition, when the thickness of 
specific portions is decreased to less than 100 um, the 
functions of elements may be impaired upon exertion of 
an excessive stress. 

(2) Dry Etching 

A recess portion having a rectangular cross-section 
or a recess portion having inclined inner surfaces can 
be formed by plasma dry etching. 

In such plasma dry etching, however, elements may 
be damaged by charge-up. In addition, it is technically 



difficult to form an etching mask used to etch a recess 
portion having a depth of several 100 nm. 

(3) Wet Etching 

5 

Wet etching can be performed at moderate temper- 
atures, allows the use of a thin etching mask, and costs 
!$ss. jn addition when ?l silicon substrate is to be etched 
with an aqueous basic solution, since etching rates in 

10 the respective crystal plane orientations differ by an 
order of magnitude or more, anisotropic etching can be 
performed. If. for example, a (100) substrate is used, the 
(111) plane for which the etching rate is low is left. As a 
result, an inclined surface with an angle of about 55° 

is can be easily formed. Depending on the shape or direc- 
tion of an opening portion, however, a surface of an 
order higher than that of the (111) plane may be 
exposed, and etching may apparently stop. If an etching 
mask has a circular opening portion, a cross-section of 

20 the formed recess portion which is parallel to the sub- 
strate surface normally becomes a rectangular shape 
circumscribing a circle. 

In addition, it is obvious that this wet etching 
method is effective, because once the size of each 

25 opening portion to be formed in the lower surface is 
determined in forming V-shaped recess portions, the 
depth of each opening portion is almost uniquely deter- 
mined. 

In the present invention, therefore, a method of 
30 forming recess portions in the lower surface of a silicon 
substrate with the (1 00) plane orientation by wet etching 
using an aqueous basic solution is considered as an 
effective method. The present invention can be effec- 
tively applied to a popular CMOS semiconductor ele- 
35 ment, in particular, because the element is generally 
formed on a silicon substrate with the (1 00) plane orien- 
tation. 

It is generally known well that an aqueous 10 to 
40% NaOH or KOH solution or an organic alkaline solu- 

40 tion can be effectively used as an aqueous basic solu- 
tion. In the present invention, etching is performed by 
using such a solution. In addition, anisotropic etching 
can be performed by using a substrate with the (110) 
plane orientation and an aqueous basic solution. With 

45 the use of linear patterns aligned with the (1,-1, -2) ori- 
entation, grooves each having vertical side walls and a 
rectangular cross-section can be formed. With this 
structure, therefore, an effect of preventing optical 
observation is difficult to obtain, but each semiconduc- 

so tor chip can be made fragile by partly decreasing the 
thickness of the substrate. 

Note that recess portions may be formed by etching 
a substrate using a generally known acid solution such 
as a solution mixture of hydrofluoric acid, nitric acid, and 

55 glacial acetic acid. When such a solution mixture is 
used, isotropic etching is performed almost independ- 
ently of the plane orientations. However, since the etch- 
ing rate is high, a high throughput can be expected. 
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In addition, any material can be used as an etching 
mask material as long as it has sufficient resistance to 
an etching solution and can be patterned by any appro- 
priate method. For example, use of an organic polymer 
as an etching mask material facilitates the process. 

With the use of an organic polymer as an etching 
mask material, since an etching solution is likely to 
erode the interface between the organic polymer and 
the substrate, the edge of each recess portion tends to 
move backward. In contrast to this, use of a silicon 
nitride or silicon oxide film as an etching mask allows 
substrate etching to form a recess portion with its edge 
hardly moving backward from an opening portion 
formed in the mask, thus controlling the shape of each 
recess portion with high precision, even though the 
number of steps increases. 

Opening portions may be formed in an etching 
mask material by a common lithographic process, 
lithography using an electron beam or ion beam, or 
laser abrasion after the etching mask material is formed 
as a film. In addition, a method of printing patterns or 
another method may be used. 

In the present invention, recess portions are formed 
in a wafer before dicing it into semiconductor chips. No 
problem is posed, however, even if this process is per- 
formed after the substrate is diced into semiconductor 
chips. In flip chip bonding, the process can be per- 
formed after bonding. 

Furthermore, a resin film, an inorganic film, a metal 
film, or the like can be formed on part or all of the lower 
surface of a semiconductor chip according to the 
present invention, which includes recess portions, for 
the purpose of providing dynamic reinforcement, mois- 
ture resistance, printing, and the like, without posing any 
problem. When an electromagnetic wave having a 
wavelength of 600 nm to 5 \im, which is often used for 
laser measurement, is used, and the film has a refrac- 
tive index different from that of the substrate material, in 
particular, refraction inevitably occurs at the interface 
between the film and the substrate regardless of exter- 
nal environments, thereby interfering with laser meas- 
urement. The formation of such a film is therefore 
preferable. 

in this case, the film preferably has a surface shape 
different from that of each recess portion, rather than 
having a shape parallel to each recess portion, because 
incident observation light undergoes more complicated 
refraction at the interface between the outer air and the 
film and the interface between the film and each recess 
portion of the substrate. This makes observation of an 
image more difficult. 

A good effect can also be obtained by coating a 
semiconductor chip with a material that becomes 
opaque upon application of an electromagnetic wave in 
a wavelength region of 600 nm to 5 ^m instead of the 
above film. If, for example, a metal such as tungsten, 
molybdenum, gold, titanium, tantalum, aluminum, or 
-copper is only deposited on a chip to a thickness of 0.1 



to 0.5 pm, observation light from the lower surface is 
reflected. This therefore makes observation more diffi- 
cult. 

The present invention will be described by way of its 
5 examples. However, the present invention is not limited 
these examples. For example, the present invention can 
be applied to a chip made of a compound semiconduc- 
tor material such as gallium arsenide. 

10 [Example 1] 

A 0.7-um thick silicon oxide film was formed on the 
mirror-polished tower surface of a 370-um thick silicon 
substrate with the (100) plane orientation, on the upper 

is surface of which a plurality of integrated circuits were 
formed, by the CVD method. To protect the upper sur- 
face of the substrate, a 4-jim thick film made of the 
Cydotene (trade name given by Dow Chemical Japan 
K.K.) was formed on the upper surface of the substrate 

20 by spin coating. The resultant structure was then baked 
at200°C. 

A laser grinder using a KrF excimer laser was used 
to form a 5 x 5 array pattern of opening portions (see 
Fig. 18) on the silicon oxide film on the lower surface at 

25 a position immediately below a 2-mm-square nonvola- 
tile memory region formed on the substrate. More spe- 
cifically, 400-jim-square opening portions, each defined 
by lines (corresponding to the (0. 1 , 0) orientation) per- 
pendicular to the facet and lines (corresponding to the 

30 <0, 1, 0) orientation) parallel to the facet, were formed in 
the silicon oxide film at a pitch of 500 urn. This substrate 
was then dipped in an aqueous 30% KOH solution at 
70°C to undergo etching for four hours. As a result, an 
array of recess portions 5 in the shape of a quadrangu- 

35 lar frustum were formed in the silicon substrate (see Ftg. 
1C). Note that after the recess portions 5 were formed, 
the silicon substrate is diced into the respective semi- 
conductor chips. 

In this case, the depth of each recess portion 5 was 

40 200 jim, and the inclined surfaces and bottom surface of 
each recess portion were almost smooth. When a cir- 
cuit pattern image was observed, with an infrared laser 
scanning microscope with a wavelength of about 1.2 
urn, by causing a laser beam to vertically come into the 

45 recess portion 5 from the lower surface side, a correct 
image could not be obtained on the inclined surfaces of 
the recess portion 5. 

Referring to Fig. 1C, the recess portions 5 parallel 
or perpendicular to the facet are formed. In this state, 

so etching stops at high-order planes owing to the influ- 
ences of opening portions 4. If the recess portion 5 is 
formed in the (111) plane, the recess portion 5 is not 
parallel or perpendicular to the facet but rotates through 
45°. 

55 As is obvious from Figs. 3A and 3B, rf the silicon 
substrate with the (100) plane orientation is anisotropi- 
catly etched by using an alkali, the relationship between 
the opening (x: length) of the recess portion and the 
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(1) 



If, therefore, a 400-nm-square opening portion is s 
formed as in the above case, about 283 (*im) is 
obtained as the value of y by substitution of x = 400 and 
8 = 54.73 (because the angle defined by the (100) plane 
and the (111) plane is about 54.73°) into equation (1). In 
Example 1 . the measured value of e was 55 to 57°. As 10 
is obvious from this value of e, even if etching stops at a 
high-order plane, a recess portion similar to the one 
formed when etching stops at the (1 1 1) plane is formed. 

[Example 2] 15 

Example 2 used a substrate on which a 0.3-um 
thick silicon nitride film was formed instead of the silicon 
oxide film in Example 1 . To form a pattern on the silicon 
nitride film on the lower surface of a nonvolatile memory so 
region, the lower surface was coated with a positive 
photoresist, and a 5 x 5 array of 400-nm-square open- 
ing portions were formed on the resist at a pitch of 500 
M m by a common photolithographic process. 

Opening portions were then formed in the silicon 25 
nitride film by reactive ion etching (RIE) using this resist 
pattern as a mask and carbon tetraf luoride gas. The 
resultant structure was etched for six hours by using an 
aqueous KOH solution as in Example 1. As a result, an 
array of 280-um deep recess portions in the shape of a 30 
quadrangular prism were formed in the substrate. The 
optical characteristics of the resultant structure were the 
same as those in Example 1 . 



[Example 3] 



35 



A 0.3-um thick silicon nitride film was formed on the 
mirror-polished lower surface of a 400-um thick silicon 
substrate with the (1 10) plane orientation, on the upper 
surface of which integrated circuits were formed, by the 40 
CVD method. After the upper surface circuit side was 
protected by the same method as that in Example 1, 
seven parallel patterns, each having a line width of 400 
and a length of 4 mm, were formed at a pitch of 500 
urn to be aligned with the (1, -1, -2) orientation by photo- as 
lithography and RIE as in Example 2 (Fig. 4). 

When the substrate was etched by using an aque- 
ous NaOH solution, grooves, each having a 320-jim 
deep central portion and a rectangular cross-section, 
were formed. The corner portions of the grooves had so 
complicated shapes. Semiconductor chips were 
obtained by dicing this substrate. Each chip was bonded 
to a glass epoxy board, with an adhesive, with the circuit 
surface opposing thereto. When the semiconductor chip 
was mechanically separated from the board, the groove ss 
portion was crushed. 



One 2-mm-square pattern having the same size as 
that of a nonvolatile memory was formed as a recess 
portion pattern (Fig. 5) equivalent to each recess por- 
tion in Example 1 . 

Etching was performed at 95°C using an aqueous 
40% KOH celuticr: to form a 280-^ deep rececc por- 
tion in the shape of a quadrangular frustum in about 90 
minutes. Although the surface of the bottom portion of 
the quadrangular frustum recess portion was smooth, 
moderate, irregular projections were formed on the sur- 
face. A laser beam was transmitted through this portion, 
and an image could be observed with a laser micro- 
scope. However, a global image was distorted. This thin 
film portion was mechanically fragile. When, therefore, 
the semiconductor chip was separated from a glass 
epoxy board by the same method as in the third embod- 
iment after the chip was bonded to the board, the chip 
was crushed. 

[Example 5] 

A combination of different rectangular opening por- 
tions were formed as opening portions in a silicon oxide 
f flm, which were equivalent to those in Example 1 , in the 
lower surface of a 3-mm-square region including a non- 
volatile memory region (Fig. 6). The resultant structure 
was etched in the same manner as in Example 4 to form 
V-shaped grooves as recess portions. This pattern 
made it difficult to perform observation with a micro- 
scope from the lower surface side, i.e., the inclined sur- 
faces of the recess portion. In addition, the silicon 
substrate was made fragile. Furthermore, the formation 
of a 0.3-um thick tungsten film on the entire lower sur- 
face by sputtering made it more difficult to observe a cir- 
cuit pattern on the upper surface from the lower surface 
side with a microscope. 

[Example 6] 

The formation of an array of recess portions equiv- 
alent to those in Example 2 was not limited to a nonvol- 
atile memory region, and recess portions were formed 
in the entire lower surface of each semiconductor chip 
at the some pitch (Fig. 7). As a result, the mechanical 
strength of the substrate uniformly decreased. In addi- 
tion, the circuit on the entire surface of each semicon- 
ductor chip could not be observed from the lower 
surface side with a laser scanning microscope. 

[Example 7] 

A lattice array of 300-um-square patterns were 
formed as opening portions in an etching mask which 
were equivalent to those in Example 2 (Fig. 8). Wet 
etching was performed by using a solution mixture of 
nitric acid (concentration: 60%), hydrofluoric acid (con- 
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centration: 48%), and glacial acetic acid, mixed at 3 : 1 
: 1, until the depth of each recess portion became 300 
jim. As a result, recess portions whose etched surfaces 
were curved were formed (Fig. 9). When a circuit pat- 
tern image was observed, with an infrared laser scan- 
ning microscope with a wavelength of about 1 .5 ^im, by 
causing a laser beam to vertically come into each 
recess portion from the lower surface side, a correct 
image could not be obtained at the recess portion. 

As has been described above, according to the 
present invention, since at least one recess portion is 
formed in the lower surface of a portion of a semicon- 
ductor substrate which corresponds to a semiconductor 
chip region except for its edge, the sufficient strength for 
dicing and bonding can be obtained, and each semicon- 
ductor chip is easily crushed when a stress is exerted 
on the chip to fraudulently extract a circuit pattern. 

In addition, observation with an optical means using 
laser measurement or the like can also be prevented 
depending on the shape of each recess portion, and the 
leakage of intellectual property information of each 
semiconductor chip can be easily and effectively pre- 
vented. 



7. 



8. 
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Claims 



1. 



A semiconductor chip having a nonvolatile memory 
formed on an upper surface side of a semiconduc- 
tor substrate (1), characterized by comprising 

at least one recess portion (5) formed in a 
lower surface of said semiconductor substrate, 
wherein said recess portion is located in 
a region (2) corresponding to said nonvolatile 
memory. 
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2. 



3. 



6. 



A chip according to claim 1, wherein said recess 
portion has a plurality of surfaces, and at least one 
of the surfaces is inclined with respect to a direction 
perpendicular to said semiconductor substrate. 40 

A chip according to daim 2, wherein said recess 
portion has a V-shaped cross-section. 

A chip according to claim 2, wherein said recess 45 
portion has a trapezoidal cross-section. 

A chip according to claim 1 , wherein a shortest dis- 
tance between a bottom portion of said recess por- 
tion and an upper surface of said semiconductor so 
chip is less than a smaller one of 1/2 a thickness of 
said semiconductor substrate and 100 urn. 

A chip according to claim 1, wherein an inner sur- 
face of said recess portion is coated with a material ss 
having a refractive index different from that of said 
semiconductor substrate with respect to an electro- 
magnetic wave falling in a wavelength range of 600 



nm to 5 Mm or a material through which any electro- 
magnetic wave falling in the wavelength range can- 
not be transmitted. 

A chip according to claim 1 , wherein said semicon- 
ductor substrate is a silicon substrate with a (100) 
plane orientation. 

A chip according to claim 1 , wherein said semicon- 
ductor substrate is a silicon substrate with a (1 10) 
plane orientation. 

9. A chip according to claim 1 , wherein said semicon- 
ductor chip is incorporated in an IC card. 

10. A method of manufacturing a semiconductor chip 
having a nonvolatile memory formed on an upper 
surface side of a semiconductor substrate (1), char- 
acterized by comprising the steps of: 

forming an etching mask (3) having at least one 
opening portion (4) in a lower surface of a por- 
tion of said semiconductor substrate which cor- 
responds to said nonvolatile memory; and 
selectively etching a lower surface of a portion 
of said semiconductor substrate which is 
exposed from the opening portion of said etch- 
ing mask. 

thereby forming a recess portion (5) in the 
lower surface of said semiconductor substrate. 

11. A method according to claim 10, wherein said sem- 
iconductor substrate is a silicon substrate with a 
(100) plane orientation, and 

the process of selectively etching the lower sur- 
face comprises an anisotropic etching process. 

12. A method according to claim 1 1, wherein the aniso- 
tropic etching process comprises selectively etch- 
ing the lower surface of the portion of said silicon 
substrate which is exposed from the opening por- 
tion by using an aqueous basic solution. 

13. A method according to claim 10, wherein said sem- 
iconductor substrate is a silicon substrate with a 
(1 10) plane orientation, and 

the process of selectively etching the lower sur- 
face comprises an anisotropic etching process. 

14. A method according to claim 13, wherein the aniso- 
tropic etching process comprises selectively etch- 
ing the lower surface of the portion of said silicon 
substrate which is exposed from the opening por- 
tion by using an aqueous basic solution. 

15. A method according to claim 1, wherein said semi- 



CID: <EP_0B6477BA2_I_> 



7 



13 EP 0 884 778 A2 

conductor chip is incorporated in an IC card. 
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